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Amphiphilic N-alkyl-1-amino-1-deoxy-D-glucitol (C n AG, n = 8, 12) were successfully prepared. 
Polypropylene nonwoven fabrics (PPnwf) were grafted with glycidyl methacrylate (GMA) via a technique 
of UV-induced graft polymerization combined with plasma pre-treatment, and then PP N wF-g-GMA was 
used for the covalent immobilization of C n AG. The surface graft polymerization was confirmed by ATR- 
FTIR and XPS, respectively. Effect of grafting parameters, e.g., acetone content, monomer concentration 
and UV irradiation time on the grafting density of GMA was investigated. And the hemocompatibility of 
the modified PPnwf was evaluated by protein adsorption and platelet adhesion. It was founded that the 
C n AG-modihed substrates greatly suppressed protein adsorption and platelet adhesion compared with 
the native and pGMA-grafted PPnwf- 

© 2014 Published by Elsevier B.V. 


1. Introduction 

Polypropylene non-woven fabrics (PPnwf) have found great 
utility in diverse applications, due to their random network of 
the overlapped fibers, multiple connected pores, high thermal and 
chemical stability and low cost [1-3 . Despite PPnwf exhibit the 
high potentials for comprehensive biomedical applications, there 
are several barriers to be overcome. Their nature hydrophobicity 
generally results in the activation of the coagulation factors and 
subsequent thrombus formation, when exposed in a physiologi¬ 
cal culture [4 . During the above procedures, the surface, which 
firstly interacts with proteins, platelets and cells, plays a more 
important role than the underlying substrate in the outer envi¬ 
ronment [5 . Thus, the control of chemistry at polymer surfaces 
via the modification methods has been a key issue for obtaining a 
desirable biocompatibility. Generally, the ever-reported modifica¬ 
tion methods can be divided into bulk and surface modification 
strategies. As for the bulk methods, melt grafting based on free 
radical polymerization is particularly attractive because of its sim¬ 
plicity and low cost. However, surface performances can usually 
not meet the requirement probably arising from the common low 
grafting degree of melt grafting approach. For increasing grafting 
degree, various methods have been proposed [6]. For example, 
Luan et al. developed a novel N-vinyl pyrrolidone (NVP)-assisted 
melt grafting method, and proposed its grafting mechanism, which 
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will greatly promote the further development of melt grafting 
method [7 . They found the grafting degree of poly(ethylene gly¬ 
col) methyl ether methacrylate (PEGM) monomer was increased 
by at least 4-fold in the presence of NVP. In addition, side reactions 
such as homopolyerization of the PEGM monomer were greatly 
reduced. More importantly, both the hydrophilicity and hemo¬ 
compatibility of the graft polymer were significantly improved. 
In the case of the surface methods, various techniques, such as 
plasma treatment [8-10 , ozone treatment [11, and photografting 
polymerization 12], were generally used for enhancing biocom¬ 
patibility or antifouling properties. Among these, photo-grafting 
polymerization has received increasingly attention for its fast reac¬ 
tion rate, easy operation, simple equipment and improvement 
of surface properties without deteriorating the bulk performance 
of a material 13,14]. In addition, it enables a versatile route to 
multidimensionality in two and three dimensions independent of 
monomer types. Substances widely used in the surface modifica¬ 
tion varied from neutral materials, such as polyethylene glycol) 
(or poly(ethylene oxide)) [8,15-17 , poly(N-vinyl pyrrolidone) 
[18-20], glycopolymers [21-26 , to charged materials including 
heparin 27,28 , chitosan 29,30], hyaluronic acid (HA) [31,32], and 
zwitterionic materials 33-37 . 

Protein adsorption is the initial event in a bio-fouling process, a 
reduction in protein adsorption is beneficial to the biocompatibil¬ 
ity of a surface [38 . Note that proteins are inherently amphipathic, 
and therefore they can bind to hydrophobic surfaces and even 
hydrophilic substrates by different attachment mechanisms. A sur¬ 
face with solely hydrophobic or hydrophilic properties is often 
inadequate in resisting fouling upon the prolonged exposure to 
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PP NWF -g-GMA-C n AG reflux - 3d PP NWF -g-GMA 


Scheme 1 . Schematics of the PPnwf surface modified with amphiphilic C n AG. 

complex environments [39]. Based on the above considerations, 
amphiphilic polymer brushes have been developed to effectively 
suppress nonspecific protein adsorption [35,40,41 . The adher¬ 
ence of proteins to amphiphilic polymer-functionalized surface 
via either hydrophobic or hydrophilic interactions becomes ener¬ 
getically unfavorable, thereby weakening the interactions of the 
organism with the surface. Goli et al. [42 synthesized amphiphilic 
brushes based on poly(2-hydroxyethyl methacrylate) (PHEMA) 
polymer and fluorinating moieties of different chain lengths. As 
for their marine antifouling properties, the fluorinated PHEMA 
amphiphilic layers were much better than “bare” PHEMA brushes. 
Chen and co-workers 43] immobilized amphiphilic homopolymer 
films onto substrates to study the interactions of these poly¬ 
mers with proteins, and found that homopolymers containing a 
hydrophilic and a hydrophobic functionality in every repeat unit, 
exhibited the reduced nonspecific protein adsorption. The simi¬ 
lar strategy was employed by Bhatt [44] et al. and Li et al. [45] in 
preparing anti-biofouling surfaces based on amphiphilic polymer 
films. 

Sugar-based surfactants refer to a kind of amphiphilic materi¬ 
als containing sugar moieties. The incorporation of such natural 
saccharide into the amphiphile structure produced interesting 
physicochemical and biological functionality. Much research has 
been focused on the hydrophilic sugar-containing polymers for the 
development of interfacial properties to meet the requirements of 
biomedical appilcations [21-26]. Up to now, there are few reports 
on a surface covalently modified with amphiphlic small molecu¬ 
lar substance containing hydrophilic glucitol group and short alkyl 
side chains periodically for obtained biocompatibility. 

The aim of this work is to investigate the biocompatible prop¬ 
erty of PPnwf membranes modified by amphiphlic polymer brushes 
consisting of sugar-based surfactants. A series of nonionic sugar- 
based surfactants C n AG with glucitol as hydrophilic groups and 
alkyl tails as hydrophobic group were synthesized. After the PPnwf 




membranes were grafted with epoxy-group containing monomers, 
glycidyl methacrylate (GMA), via 0 2 plasma pre-treatment and 
UV-induced graft technique, the as-prepared C n AG were cova¬ 
lently immobilized on the pGMA-modified substrates based on the 
ring-opening of the epoxy groups (Scheme 1). The biological per¬ 
formances of the modified membranes, including the static protein 
adsorption and the platelet adhesion were investigated. 

2. Materials and methods 

2.2. Materials 

Polypropylene nonwoven fabrics (PPnwf) with an aver¬ 
age pore diameter of 0.22 p>m were purchased from Beijing 
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Scheme 2. Synthetic route of N-alkyl-l-deoxy-D-glucitol sugar-based surfactants. 



























10 


Z. Xin et al. / Applied Surface Science 300 (2014) 8-15 



Wavenumber (cm' 1 ) 

Fig. 2. ATR-FTIR spectra of the PPnwf membranes, (a) The virgin membrane, (b) the plasma-treated membrane, (c) PP NW F-g-GMA, (d) PP N wF-g-GMA-C 8 AG and (e) PPNWF-g- 
GMA-Ci 2 AG. 


JDKR Co. Ltd. D-Glucose, n-Octylamine, and n-Dodecylamine 
were provided by Shanghai Aladdin Chemicals (China). NaBH 4 
was supplied by Shanghai Zhanyun Chemicals (China). GMA 
was purchased from Aldrich and used without further pre¬ 
treatment. Bovine serum albumin (BSA), sodium dodecyl sul¬ 
fate (SDS) and phosphate buffered solution (PBS, 0.1 mol/L, 
pH = 7.4) were provided by Dingguo Bio-technology (China). 
Micro BCA™ protein assay reagent kits were purchased from 
Boster Biological Technology (AR1110, China). Other reagents 
were AR grade chemicals and used without further purifica¬ 
tion. 


2.2. Preparation and characterization of 
N-alkyl-1 -amino-1 -deoxy-D-glucitol surfactants 

The synthesis of N-alkyl-1-amino-1-deoxy-D-glucitol (C n AG, 
n = 8, 12) (Scheme 2) used in this study has been described 
elsewhere [46 . Firstly, a solution of D-glucose and the proper 
n-alkylamine (n-Octylamine and n-Dodecylamine) in methanol 
was stirred at room temperature for 24 h. The reaction mix¬ 
ture was cooled to 0°C, and a small molar excess of NaBH 4 
was added stepwise. After that, concentrated hydrochloric acid 
was added drop-wise to a pH of 2-3; then the product of 
its hydrochloride salt form was attained. The salt was stirred 
with methanol and a slight molar excess of sodium methy¬ 
late at room temperature for 1 d, subsequently the reaction 
mixture was heated under reflux. After cooling, the white 
precipitate was isolated, washed and dried. The structures 
of C n AG were verified by proton nuclear magnetic resonance 
spectroscopy ( j H NMR, 400 MHz Bruker Avance DPX-300 spec¬ 
trometer). 


2.3. Surface modification ofPP NWF membranes 

2.3.1. Preparation of the pGMA-modified membranes 

The PPnwf membranes were pretreated with acetone to remove 
residual solvent, and dried to constant weight. The dried mem¬ 
branes were subjected to oxygen plasma discharge by a DT-3 
plasma apparatus (Suzhou Omega Technology, China) with a 
plasma power of 120W for 100 s. The membranes were then 
immersed into the acetone/ethanol mixed solvent of GMA, and 
degassed for 15 min. Subsequently, graft polymerization on the 
PPnwf was carried out under a UV light (high-pressure mercury 
lamp, 400 W, main wavelength 380 nm). The modified membranes 
(denoted as PP N wF-g-GMA) were washed with deionized water and 
alcohol to remove the residual monomers prior to drying in a vac¬ 
uum oven. Grafting density of pGMA (GD, p>g/cm 2 ) was calculated 
according to the method described in the literature [17 . 

2.3.2. Preparation of the C n AG-modified membranes 

The PPNWF-g-GMA membranes were immersed into the C n AG 
methanol solution at a concentration of 50 mg/mL. Then the mix¬ 
ture was stirred at 70 °C for 72 h under reflux. After that, the 
membranes were soaked in stirring distilled water and ethanol 
alternately at 60 °C for 24 h, and dried under vacuum to obtain 
the C n AG-modified membranes (denoted as PP N wF-g-GMA-C n AG). 
Grafting density (GD, p>g/cm 2 ) of C n AG was also calculated as pre¬ 
viously [18]. 

2.4. Characterization of surface chemistry 

ATR-FTIR spectra of the membranes were obtained from a 
Fourier transform infrared spectrometer (FTIR, BRUKER Vertex 70) 
with a resolution of 4 cm -1 in absorbance mode. 
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Fig. 3. XPS spectra of the PPnwf membranes, (a) The virgin membrane, (b) PPnwf- 
g-GMA, (c) PPNWF-g-GMA-CsAG, and (d) PPNWF - g - GMA-Ci 2 AG. 

X-ray photoelectron spectroscopy was obtained on a VG Sci¬ 
entific ESCA MK II Thermo Avantage V 3.20 analyzer with an Al/K 
(hv = 1486.6 eV) anode mono-X-ray source. The releasing angle of 
the photoelectron for each atom was fixed at 90°. The spectra were 
collected over a range of 0-1200eV and the C ls peak was resolved 
by computer simulation into its constituent peaks. 

2.5. Protein adsorption 

The membranes were placed in individual wells of a 24 well 
tissue culture plate, and PBS solution was added. After the equili¬ 
bration at 37 °C for at least 12 h, the membranes were incubated in 
protein solution of BSA at a concentration of l.Omg/mL at 37°C 


for 2h. After incubation, the samples carefully rinsed with PBS 
were immersed in an aqueous solution of 1.0 wt% SDS and sub¬ 
jected to ultrasonic treatment for 60 min to remove the proteins 
adsorbed on the surfaces. Based on the bicinchoninic acid (BCA) 
protein assay kit method, the protein concentration in the SDS solu¬ 
tion was determined by a TECAN SUNRISE microplate reader. The 
amount of proteins adsorbed on the surfaces was calculated. 

2.6. Platelet adhesion 

Firstly, the membranes were incubated in a tissue culture plate 
with PBS for 2 h. Then 20 pi of fresh platelet-rich plasma obtained 
from the fresh rabbit by centrifugation at 1000 rpm for 15 min was 
dropped on each membrane and incubated at 37 °C for 60 min. 
After washing with PBS, the adhered platelets on the membranes 
were fixed by 2.5 wt% glutaraldehyde for more than lOh at 4°C. 
Finally, the membranes were washed with PBS several times and 
dehydrated with a series of ethanol/water mixtures (30, 50, 70, 90, 
100vol% ethanol) for half an hour in each step. The samples were 
observed with a field emitted scanning electron microscopy (SEM, 
XL 30 ESEM FEG, FEI Company, USA). 

3. Results and discussion 

3.1. Preparation of N-alkyl-l-amino-l-deoxy-D-glucitols (C n AG) 

Nonionic C n AGs with different hydrocarbon tails were prepared 
from the easily accessible, inexpensive and renewable D-glucose 
and n-alkylamines. The key feature of C n AG is the covalent cou¬ 
pling of a hydrophilic saccharide group with a lipophilic alkyl chain 
through a nitrogen (amine) linkage [46 . Actually, amphiphilic 
C n AG are often used as nonionic sugar-based surfactants when the 
hydrocarbon tail length is equal or greater than 8 carbons. 
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Fig. 4. High-resolution Ci s spectra and their fitting curves, (a) The virgin membrane, (b) PP NW F-g-GMA, (c) PPnwf -g-GMA-CgAG and (d) PPNWF-g-GMA-C^AG. 
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Fig. 5. Grafting density of pGMA on the PPnwf membranes versus acetone content 
(UV irradiation time: 8 min, GMA concentration: 10vol%) (a), GMA concentration 
(acetone content: 10 vol%, UV irradiation time: 8 min) (b), and UV irradiation time 
(acetone content: 10vol%, GMA concentration: 10vol%)(c). 

The ’H NMR spectra of the C n AG were shown in Fig. l(a, b), 
and the corresponding proton chemical shifts were summarized as 
follows. 

N-octyl-1-amino-1-deoxy-D-glucitol, CgAG, (CD 3 OD): (5, ppm) 
0.89 (t, 3H, CH 3 ); 1.32 (m. 10H, CH 3 (CH 2 ) 5 ); 1.55 (m, 2H, N- 
CH 2 CH 2 (CH 2 ) 5 ); 2.54-2.78 (m, 4H, N-CH 2 ); 3.56-3.88 (m. 6 H, 
CH-OH and- CH 2 -OH, sugar). 

N-dodecyl-1 -amino-1 -deoxy-D-glucitol, C l2 AG, (CD 3 OD): ( 8 , 
ppm) 0.90 (t, 3H, CH 3 ); 1.29 (m, 18H, CH 3 (CH 2 ) 9 ); 1.53 (m, 2H, 
N-CH 2 CH 2 (CH 2 )g); 2.59-2.76 (m, 4H, N-CH 2 ); 3.59-3.88 (m, 6 H, 
CH-OH and-CH?-OH, sugar). 


Fig. 6. Protein adsorption on the PPnwf membranes (The membranes with grafting 
density (|xg/cm 2 ) of 347 (b), 660 (c), and 723 (d)). 

All of the above data were in good agreement with the proposed 
structures, which confirmed that nonionic sugar-based surfactants 
were obtained. 

3.2. Surface modification of the PPnwf membranes 
3.2A. Surface chemistry 

After the membranes were subjected to the experiments as 
shown in Scheme 1 , the surface chemical feature of the PPnwf mem¬ 
branes was examined by ATR-FTIR (Fig. 2). As reported, although 
plasma treatment introduced various polar groups, e.g., peroxide, 
hydroxyl group and carboxyl group [5], the layer was too thin to be 
detected, thus there was no obvious difference between the vir¬ 
gin and plasma-treated membranes in the spectra (Fig. 2(a, b)). 
In the FTIR curve of the pGMA-modified membrane (Fig. 2(c)), 
the new peaks at about 1660 and 1150 cm -1 corresponding to 
the absorption of carbonyl group and the stretching vibration of 
C—O bond were respectively observed. It suggested that pGMA 
was successfully grafted onto the PPnwf substrates. After the fur¬ 
ther immobilization of C n AG onto the pGMA-grafted membrane 
(Fig. 2(d, e)), the existence of some peaks including the peak 
at 1660 cm -1 (C=0 stretching vibrations), the peak at 1260 and 
1150 cm -1 (C(=0)—O and C—O stretching vibrations), and a new 
broad peak at 3440 cm -1 (stretching vibration of hydroxyl group) 
confirmed that the amphiphilic C n AG were immobilized onto the 
PP N wF-g-GMA membranes. 

All membranes were further analyzed by XPS allowing for an 
elemental analysis of the outermost layer of the films. As evident 
from Fig. 3, one large peak at about 284eV attributing to C ls was 
found in the virgin PPnwf membrane. The small peak at about 
530 eV corresponding to 0 ls was attributed to the oxygen contam¬ 
ination as reported by other researchers [47 . The pGMA-modified 
PPnwf membrane showed an increased peak at 530 eV that was 
attributed to the GMA units. The newly appeared peak at 400 eV 
attributing to N ls and the greatly enhanced intensity of 0 ls peak 
on the modified membrane suggested the further immobilization 
of C n AG onto the membrane, which also could be confirmed by the 
high-resolution XPS spectra and their peak fitting curves (Fig. 4). 
The Cis high-resolution curve of virgin membrane (Fig. 4(a)) was 
decomposed into two peaks using a Gaussian peak fitting algo¬ 
rithm. The Cis high-resolution spectrum of the pGMA-modified 
membrane was composed of three carbon components (Fig. 4(b)), 
i.e., C—C at 284.8 eV, C—O—C at 286 eV and O—C=0 at 288.4 eV. Cor¬ 
respondingly, the each spectra of PP N wF"g-GMA-C n AG (Fig. 4(c, d)) 
was composed into four peaks: a C—C peak at 284.8 eV, a C—N peak 
at 285.6 eV, a C—O—C peak at 286.3 eV, and O—C=0 at 288.4 eV. 



























Z. Xin et al. / Applied Surface Science 300 (2014) 8-15 


13 









Fig. 7. SEM pictures of platelets adhesion on the PPnwf membrane, (a) The virgin membrane, (b) PP N wF-g-GMA, (c) PPNWF-g-GMA-CgAG and (d) PPNWF-g-GMA-C^AG. 


According to the above XPS data, the atomic compositions and 
atomic ratio (N/C) on the surfaces were calculated and summarized 
in Table 1. After the surface modification, the atomic ratio value 
of N/C was decreased from 0.19 to 0.13 as the hydrocarbon tails 
length increased. These verified the successful surface modification 
of PP NWF via the procedures as shown in Scheme 1 . 

3.2.2. Effect of grafting parameters on the grafting density ofGMA 
During the pGMA grafting polymerization process, the effect of 
acetone content, monomer concentration and UV irradiation time 
were investigated to acquire the relationship between reaction 
conditions and grafting density. As shown in Fig. 5(a), the grafting 
density of pGMA underwent an initially rapid increase, attained a 
maximum value at 15 vol% acetone content, and finally decreased 
as the acetone concentration increased. This phenomenon was due 
to that acetone not only promoted monomer solubility for the ease 
of chain growing, but also participated in the polymerization chain 
transfer from polymer surface to the solvent. When the two effects 
achieved a balance, an optimal grafting density was presented. 
It also could be found that grafting density increased along with 
monomer concentration due to the enlarged probability of effec¬ 
tive collision between the monomers and active sites excited on 
the membrane surface (Fig. 5(b)). UV irradiation time had a sim¬ 
ilar effect on the grafting density to the monomer concentration 
(Fig. 5(c)). Increasing the irradiation time, more active sites were 
introduced on the substrates, thus a higher grafting density was 


Table 1 

Atomic compositions and atomic ratio (N/C) from XPS. 


Samples 

Atomic compositions (at.%) 

Atomic ratio 


Cis 

Nis 

Ols 

N/C 

Virgin PPnwf 

94.32 

— 

5.68 

— 

PPNWF-g-GMA 

92.22 

- 

7.78 

- 

PPNWF-g-GMA-CgAG 

82.70 

15.75 

1.55 

0.19 

PPNWF - g - GMA-Ci2AG 

88.32 

11.06 

0.62 

0.13 


obtained. In detail, as the UV time range from 6 to 15 min, the 
grafting density at UV 6 min was too low to be observed, while 
a very grafting density of about lOOOp^g/cm 2 after 15 min was 
obtained, which attributed to random network of overlapped fibers 
and multiple connected pores of PPnwf- These results confirmed 
that the grafting density could be adjusted by controlling the graft¬ 
ing parameters. 

3.3. Protein adsorption 

Many factors affected the antifouling properties, such as sur¬ 
face character, surface free energy, solution environment, and the 
surface morphology [48]. The amount of proteins adhered on the 
surface is an important factor in evaluating the biocompatibil¬ 
ity of a material. A reduction of protein adsorption can suppress 
platelet adhesion on the surface. Herein, BSA was selected as a 
model protein to assess the protein adsorption on the virgin and 
the modified PPnwf membranes. The protein adsorption of virgin 
PPnwf membrane, PPNWF-g-GMA and PP N wF-g-GMA-C n AG were 
illustrated in Fig. 6. On the virgin and pGMA-modified membranes 
surface, the adsorption amounts were 7.2 p>g/cm 2 and 4.9 p>g/cm 2 
at a BSA concentration of 1.0 mg/mL, respectively, which exhibited 
a strong interaction between proteins and the membrane surface. 
In contrast, the adsorption of PP N wF-g-GMA-C 8 AG and PPNWF-g- 
GMA-C 12 AG were 3.2 p,g/cm 2 and 2.3p,g/cm 2 , which decreased 
by at least 55% and 68 % compared with the original membrane. 
Besides the amphiphilic C n AG modified samples, we hypothe¬ 
sized that the alkyl chain length of the sugar-based surfactants 
would influence the extent of protein adsorption. We attribute this 
to the assumption that the hydrophilic and hydrophobic groups 
of C n AG should be similar in length to achieve the optimized 
surface presentation, where neither hydrophilic nor hydrophobic 
functional groups dominate the presentation. Considering the 
results of protein adsorption, the C 8 AG- and C^AG-modified sur¬ 
faces could achieve an enhanced balance of hydrophobicity and 
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hydrophilicity and would be able to present the desired peri¬ 
odic conformation for protein adsorption resistance. The proposed 
mechanism was that if part of the surface in the protein has an 
affinity for the hydrophilic domain of the amphiphilic membrane 
then the hydrophobic part of the polymer will be incompatible with 
the binding and vice versa [43 . Thus, the adherence of proteins to 
membrane surface via either hydrophobic or hydrophilic interac¬ 
tions becomes energetically unfavorable, thereby suppressing the 
protein adsorption. 

3.4. Platelet adhesion 

When contacted with a foreign surface, plasma proteins firstly 
adsorbed to the surface, followed by platelet adhesion and acti¬ 
vation, coagulation, complement activation and other blood cell 
responses [49]. Thus, platelet adhesion on a substrate is another 
important tool for evaluating the biocompatibility. PPnwf is non¬ 
polar, chemically inert, and of multiple connected pores. Besides, 
the high interfacial free energy and porous structure promoted 
protein adsorption and platelet adhesion. As shown in Fig. 7(a), 
a large number of platelets aggregated and adhered on the virgin 
PPnwf surface, and the deposited platelets on the surface exhibited 
spreading shape (activated state, late pseudopodial, hyaloplasm 
spreading) and fully spread shape (activated state, hyaloplasm 
well spread, no distinct pseudopodia) [50 . This probably because 
that the surface of virgin membrane possessed the largest protein 
adsorption amount in the above protein assay. Once the pro¬ 
tein coats the surface, living cells will interact directly with the 
adsorbed proteins to translate biometrical physical and chemical 
properties into a “biological language” [51 . While on PPNWF-g- 
GMA substrate (Fig. 7(b)), the amount of adhered platelets was 
somewhat decreased and platelet adhesion was inhibited to some 
extent. Interestingly, the amount of platelets on PP NW F-g-GMA- 
C n AG (Fig. 7(c, d)) substrates was obviously decreased and most of 
the platelets adhered on the membrane maintained the unactivated 
shape (round or discoid, no pseudopodia present). The platelet 
adhesion test revealed that surfaces modified by amphiphilic sugar- 
based surfactants showed improved biocompatibility upon direct 
exposure to plasma environment when compared with the virgin 
PPnwf membrane. 

4. Conclusions 

Amphiphilic C n AGs with different hydrocarbon tails have been 
successfully prepared by condensation of long chain amines onto 
saccharide and subsequent reduction of the N-alkylglucamines. 
The PPnwf have been grafted with pGMA by means of a tech¬ 
nique of UV-induced graft polymerization combined with oxygen 
plasma pre-treatment, followed by grafting of C n AG. The chemical 
structures of C n AG and relevant modification have been confirmed 
by NMR, ATR-FTIR and XPS, respectively. Effect of grafting 
parameters such as acetone content, monomer concentration and 
UV irradiation time on the grafting density of GMA of has been 
obtained. The C n AG-modified substrates, which possessed a good 
balance of hydrophobicity and hydrophilicity, could suppress pro¬ 
tein adsorption and platelet adhesion compared with the native 
and pGMA-grafted PPnwf- 
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